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pereon cr corporation, or conveying any righte or permission to manufactire,
use, or sell any patented invention that may ‘in any way be related thereto.

This report has beew reviewed by the Office of Public Affaire (ASD/PA) and
ig releasable to the National Technical Information Service (NTIS). At
NTIS, it will be available to the gemeral pwblic, including ¥oreign natioms.
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FOREWARD

"This report, "The USAF Stability and Control Digital Datcom,” describes
the computer program that calculates static stability, high 1ift and control,
and dynamic derivative characteristics using the methods contained in Sec-
tions 4 through.7 of the USAF Stability and Conttél Datcom (revised April
1976). The report consists of the foilowing three volumes:

 0 Volume I, Users Manual

o Volume I1, Implementation of Datcom Methods
o Volume III, Plot Module
A complete listing of the program is provided as a microfiche supplement.
This work was performed by the McDonnell Déuglés Astronautics Company,
Box 516, St. Louls, MO 63166, under contract number F33615-77-C-3073 with the
Unicéd States Air Force Systems Command, Wright-Patterson Air Force Base, CH.
The subject contract was initiated under Air Force Flight Dynamics Laboratory
Froject 8219, Task 82190115 on 15 August 1977 and was effectively concluded
in November 1978, This report supersedes AFFDL TR-73-23 produced under
contract F33615-72-C=1067, which automated Sections 4 and 5 of the USAF Sta-
" bility and Control Datcom; AFFDL TR-74-68 produced under contract F33615-Z3~'
C-3058 which extended the program to 1nclude Datcom Sections 6 and 7 and a
trim bption; and AFFDL-TR-76-45 that incorporated Datcom revisions and user
orieqted optious under contract 'F33615-75-C-3043, The recent activity gener-
atea a plot module, updated methods to incorporate the 1976 Datcom revisions,
and provide additional user oriented features. These contracts, in total,
reflect a systematic approach to Datcom automation which commenced in feb-
ruary 1972, Mr. J. E. Jenkins, AFFDL FGC, was the Air Force Projeét Engineer
for the previous three coﬁtracts‘ané Mr. B. F. Niehaus acted in this'capa-
city for the current contract. The authors wish to'thank Mr. Niehaus for his
Jssistaan, particularly in the areas of computer program formulation, imple-
ﬁentgtion,land verification. A list of the Digit#l Daﬁcom Principal Investi-
gators and individuals who made esignificant contributions to the development
of this program ig provided on the following page. l

Requests for coples of the computer program should be directed to the
Air Force Flight Dynamics Laboratory (FCC) . Copies of this report can be
obtained from the National Technical Information Service (NTIS). . - . S

This report was submitted in April 1979.
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SECTION 1

INTRODUCTION

Digital Datcom calcﬁlates static stability, high—-lift and control
device, and dynamic-derivative characteristics using the methods contained in
Sections' 4 through 7 of Datcom. The computer program alsoc effers a trim
option that computes control deflections and aerodynamic data for vehicle
trim. ) o

Even though the development of - Digital Datcom was pursued with the
sole objective of translating the Datcom methods into an efficient, user-
oriented computer prozram, differences .between Datcom and Digital Datcom do
exist. Such is the primary subject of this volume, Implementation of Datcom
Methods, vhich contains the program formulation for those methods in variance
with Datcom nethodss Program implementation infotmation regardirg system
resources necessaly to make the program operational ateApresented in Sections
5 and 6. o _ ‘ﬂ/

Section 6 also lists each of the routines and references their eppear-
ance in the program listings provided as a microfiche suppleément to this
volume. ' . ] g

Users shou’d refer to Datcom for the validity and limitations of ﬁethods
invoived. However, potential users are fore-warned that Datcom drag methode
are not recemmended for performance. Where more than one Datcom method
exists, the summary in Table 1 indicatee which method or methods are employed
in Digital Datcom. Tables 2, 3, and 4 define the basic output data in each
Mach regime and shows the overlay in which each is computed.

The computer program is written in Fortran IV for the CDC Cyber 175.
Through the use of overlay and data packing techniques, core requirement is
67,000 octal words for execution with the NOS operating system using the FIN
compiler. Central processor time for a case executed on the NOS system
depends on the type of configuration, nuﬁber of flight condittone, and
-program option selected. Usual tequirements‘are on the order of one to'two

seconds per Mach number.

Direct all program inquires to AFFDL FGC, Hrigﬁt-?atterscn Alr Force
Base, Ohio 45433. Phone (513) 255-4315. ‘
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SECTION 2

PROGRAM ORGANIZATION

fhe Digital Datcom program consists of a MAIN program, EXECUTIVE
subroutines, METHOD subroutines and UTILITY subroutines. The organiza-
tion and interfaces between these program components are showh in Figure 1I.
The MAIN program performs executive functions that control and direct all
computations; the EXECUTIVE subroutines perform noncomputational tasks, which
include input data manipulation and selection of outbut formats; UTILITY
subroutines perform standard ma;hematical computations; and METHOD sub-

routines implement the Datcom stability methods. .

" 35




MAIN Program

EXECUTIVE Subroutines
MAINPULATE INPUT DATA,
PERFORM ERROR ANALYSIS
INITIALIZE ARRAYS TO 1040, -
SET LOGIC SWITCHES.

EXECUTIVE Subroutines
OUMP ARRAYS OF STORED
VARIABLES IN READABLE
FORMAT, PRIXTS APPROPRIATE
OUTPUT HEADINGS, CASE
IDENTIFICATION INFORMATION,
AND RESULTS OF COMPUTATIONS.

PERFORMS THE
METHOD Subroutines .| | EXECUTIVE FUNCTIONS
. OF ORGANIZING AND
CALCULATE AERODYNAMIC fpmmmee| O
: DIRECTING THE TASKS
CHARACTERISTICS AT ,
PERFORMED BY THE
ANGLE OF ATTACK AND OTHER PRO
IN SIDE SLiP. THER PROGRAM
COMPONENTS.
3
UTILITY Subroutines
PERFORM STANDARD
MATHEMATICAL TASKS
REPETITIVELY REQUIRED
BY METHOD SUBROUTINES.
END

FIGURE 1 OVERLAY PROGRAM STRUCTURE
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SECTIOH 3

EQUATIONS FOR GEOMETRIC PARAMETERS

One of the main features of the Digital Datcom program is that a
minimum of input data are required. Minimal inpucé require ‘the program
to calculate basic geometric parameters required by the Datcom methods.
Equations for pertinent geometric parameters are defined in this section.
3.1 PLANFORM PARAMETERS

The nomenclature used in the equations for calculating theoreti-
cal and eiposed planform areas, taper ratios and aspect ratios are shown in
Figure 2. Equations for these parameters are presented below for a double
delta or cranked planform. Straight-tapered planform parameters are obtained

by setting b*°/2 - 0.0, C.D .-Ct’ A*o = ]l.0 in the following equations:

*12
= b/2 - bo |

o d
S
»n

/2 =b'/2-b)/2
r = (/2)/ (b, /2)
xI - cb/ct
ctech+ @-32p el
SR
SRLYLN
x; - x; x;
1 | x'l-‘ c./c,:
s - (c; +Cp) by /2
S = (C + Q) b, /2

W% 3°
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Cr
| | !
( Co | l.
A4
I N
| ~l_t
by ,l/_‘fg:\l .
2 \\L/"
(B
2

‘ FIGURF 2 PLANFORM NOMENCLATURE

"\ REQUIRED INPUTS
ALL PLANFORMS
~=~ REQUIRED INPUTS
JDOUBLE DELTA

~“ AND
CRANKED PLANFORMS

* INDICATES EXPOSED
PARAMETER

A = TAPER RATIO
A = ASPECT RATIO
= AREA

S
b
7" SEMI-SPAN

SUBSCRIPTS
| = INBOARD PANEL
0 = OUTBOARD PANEL
w = TOTALWING




Sy = (€, +C) b /2+5
A7 = 40/ 225y
A m:m’/s:
Ay = 6&'/2)2/55
A= 40/,

Datcom methods use correlations that are based on wing sweep angles
measured ét various chordlines. The nomenclature used to calculate sweep
angles' is presented in Figure 3. Sweep angle equations ére presented below
for a double delta or cranked wing. To obtain straight taper wingls,weep

angles set C_and A_ =0 in tne following equations:
o B, ‘ »
- - - *
cI 4(1 = Axp/[A* (1 + A I)l
= 4(1 - A% )/[A* (1 + 2a* )]
Apl = tan [CI (m-n-)‘ + tanAmI]

-1
_A% = tan [Co (m-n) + .tan)\mo]

. _ \ . .
('\F)eff = co8 ll(sz cos AnI + So'cos Ano)/s ]

. The nomenclature used to calculate the exposed mean aérodynarﬁic chord
(MAC) for a double delta or cranked wing is shown in Figure 4. The param-
eters necessary CO ‘define the lateral and longltudinal location of the

exposed MAC are included. Equations to calcula_te and locate the MAC are

presented below. To obtain values for a straight-tapered wing set C*'o = 0,
Yx = 0, §?, = 0 in the equations below: N ' ' ' o

) IR 1] »*

\ ¢, = 2 @ +33 +32/30 40
-a_' x A *
Cm 20,4 +2 /30 )
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Moo,

/i

m

REQUIRED INPUTS
ALL PLANFORMS
¢~ \,REQUIRED INPUTS
\_ _/DOUBLE DELTA
A B
AND ,
CRANKED PLANFORMS

m = PERCENTAGE CHORD
AT WHICH SWEEP
ANGLE IS DEFINED

n = ANY CHORD LOCATION
EXPRESSED IN
- PERCENTAGE CHORD

FIGURE 3 SWEEP Al\.IGLE NOMENCLATURE




i ¥ —t

it %
Cy= (S, Cy +5S, co)/s |
-l *
YI - (b 12) (1 + 22 )/3(1 + xI)
-3
Y = (b /12 + 2x°)/3(1 +2" ) + bb /2
;-* — | e *
Y = (sI YI + so Yo)/s
* —ak x % g 3 * *
. . . - A S
) o .[SI YI LanAoI + So(bb/Z tanAoI +.(Yo bb/2) tan oo)]/
-k i .
X = qwlz + X
i: -=T/4 + X

The theoretical or reference mean aerodynamic chord is calculated

with nomenclature of Figure 5 as follows:

2
cI = zcr(l + A, + AI)/3(1 + AI)

I

Cr = (SI CI + S Co)/St

Xr - Cr/4 + Xr

Special geometric parameters are required to calculate wing pitéhing
moments. The nomenclature used to define these parameters is presented in

Figure 6. Equations for these parameters are presented below:

* ok : * ' *
e -'\bblz tanho, +Ab°/2 tanAoo)/C r

T ¢ 2,q
&g “(bb/?>,lsl
*

' -
b, /4

Sk, * K
.(bo/Z) = bb/4 +_§°/2
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FIGURE 6 SPECIAL WING PITCHING MOMENT GEOMETRY




:E GLOVE COMPONENT

¢ BASIC WING COMPONENT
| TRAILING EDGE EXTENSION COMPONENT
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. € = C,
C.'=C_ + (b /2)' [——]
b c ° b*/2
‘ (o]

* ‘* * v
(s,) =.(C '+ c.) (b /2)"
a2 LT R NS
(a))' = 406 /2)7] /(8,)

* T - L]

(A.o) = ct/cb .

Supersonic nonstraight wing analysés require the wing to be synthesized
from basic wing, glove, and trailing edge extension components as shown on

Figure 7. 'When the leading edge'oﬁtboard sweep angle is gteatet than the

leaaing edge inboard sweep angle, an additibnal geometric parameter, 82, is

required and is shown in Figure 8. Equations for calculating geometric
parameters for the various wing components as required by the stability

methods are presented below:

All Planforms

*
€Y, =G + I -—— - [Tan Ag = Tan Ao ]
o o
. * *
basic Sb - [(Cr)bw + Ct] b
w
wing . 2
component - b*2
= T
ébw S bw
X Cc
A% Tt
bw ,—
*
' (Cr)bw
| b* _ bg
- - -0 :
(C:)S (Tan ALEI) ( - )
' L b* by
* = %* e - O
glove S8 _(cr)g 0 - )
component g N
, - a[gi,; bg 12'
Ak = 12 7 1
g - S%
g
A = Q
g

7 i areih i e s ekt

a2 b s




FIGURE 8 SUPERSONIC NON-STRAIGHT WING PLANFORM (ALEg > ALE;)
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trailing
edge x = o (D% _ b5
extension 5 2 ‘(T 2 )
span
. ‘ . b* b*

If ‘IE > “LE S» = -~ - 2 l ([an y

o I -

S1 = “bw

"LE

Geometric paraceters required for horizontal and vertical tail analyses

are 1identical to those for wings. Tail parameters can be

calculated by

sﬁbstituting tail geometry for wing geometry in the wing equations. Vertical

tail lateral stability calculaticns require additional geometry parameters as

shown in Figures 9a and 9b., Equations are listed below:

Straight Tapered Vertical Tail
- - - /
C,=C. - (C, =~ chE)/b /)

)

X=X + (&)v - X, = Zy (Tan ”‘LEI

Non=-Straight Vertical Tail
: b
1f ZH >

™
- =2
2

ml<

b*
s

2

_ b b*
X = X.H +'(xkz. Xv - (Tv' -~ ‘-%) (TA.\; :"-LE ) - (ZH +
‘ I
b > |
c =C.+ (c, - C;NT' ZH)/(Z— )

If ZH <

o
oS

AN
2

X=X +X =X -2, ('I'ANALEO)
bA
-2

2

re,mC - (c -‘cb)(zﬁ)/ (bv 5

2

For a horizontal liftlng surface, an equivalent dihedral

follows:

b

Y
-3 ) IAN Ag

Q

is defined as
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FIGURE 10 EQUIVALENT DIHEDRAL ANGLE NOMENCLATURE
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3.2 BODY PARAMETERS

Longitudinal stability analyses for bodies in the supersonic and hyper-
sonic speed regimes require the body to be éynthésized in nose, afterbody, .
and tail segment components as defined in Figure 11. Geometry parameters for

the various body sagments analyses are defined below:

cyl 3
S = 2/2'3' r (dx) Body planform area
P | . ‘
o]
d2
S, = 172 Body base area
b e
4
2
X, = 7 B x (a0 |
¢ o " Distance from nose of body to centroid of
Sp ‘ planform area g
Vg = [2p sx (dx) Voluée of bodg
o

1f d2 > dl’ calculate flare angle 0: - TAN-I{ 's(dZ-dl) ] .
' L BT

- .5(d,~d
If d, < 4, calculate boattail angle 8, = TAN 1 [ 5(d, 2)]
: 28T

3.3 GENERAL SYNTHESIS PARAMETERS

Synthesizing and interference nomenclature for longitudinal and lateral
stability calculations are defined in Figure 12. The geometric parameters are
presented in equation format below:

8%, = (b/2 = b*/2) TN hoy COS (a),
Axc'.- xc;'(xv"' A’\’) ' A N
(x.c)g f (X'CIC:)" ct; wﬂlro (x.c/c;) is ca;culu:ad in wing pitching

monnnt'pubroutinn
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. POSSIBLE SUPERSONIC AND HYPERSONIC BODY CONFIGURATIONS

|, NOTEs:
MOSE AND TAIL SEGMENTS MAY BE CONICAL

(AS SHOWN) OR OGIVAL. _
DIAMETERS d,,,dy, AND d; ARE COMPUTED

"FROM LINEAR INTERPOLATION OF -

Iy
b=lgr=0
d“ = ‘1 = dz
Ly
NOSE-AFTER BODY Lgr=0
oy
44
Ly
L
NOSE-AFTER BODY-TAIL t‘:T
4
=0
. lﬂ
IA’ 0
’afT’ ,
dy=dy .
&

) INPUTS xiVS R

FICUBE 11 SUPERSONIC AND HYPERSONIC BODY GEOMETRY
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FIGURE 12 GENERAL SYN‘THESIS NOMENCLATURE

- — . e, e s et <.




(8%, ), = 8X o = (X, ), €08 (o))

AXH = (b/2 - b*/Z)H TAN AOIH cos (ai)H

(Axcg)H = xcg - (XH + AXH)

24 - Zy ~ A%y TAN (oy)y
(X0p = K5 /Py

2oy 7 - Xy SIN (g - 2
B8R 0y = (AKX Dy = (X 0y €08 (oy)y

(XE/A)H = XH - (x&)H cos (ai)H

' - - v
2zl ==z + (C_/4) SIN a

1
" b® b c
t_= X + X + (Co ) TAN A + (Cb) TAN + Tt
f ‘w W 3 LEo 7 A'LEI 3
ip-Kv—xc +(xr)w+(;(_‘;1'_)\r

g
= 3

Zp = ch + (YR)V

3.4 DOWNWASH PARAMETERS

Downwash geometricvnomenclature is defined in Figure 13. The equationSA

presented below are used primarily in the subsonic speed regime:

' - : ’ ' ]
ZH - ZH - er SIN (Qi)H - 7w + Cr ’ SIN (ai)w )

. ' ‘ ' W
Tyt X, + er FOS (cli)H - (xw + crw cos (ai)w)

' '
AL“ - ZH ITAN (ai)w

ILT-LH-ALR

- ! '
A,}}{l ZH/COS (tx:l.)w

O T
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FIGURE 13 DOWNWASH NOMENCLATURE
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FIGURE 13 DOWNWASH NOMENCLATURE (CONCLUDED)




An, - Ly SIN (af)

h, =Ah,_ +4h
HoH H,

2, = L. Cos (ai)w
Y = ARCTAN (hH/zz)
23 = (cr)w - &y

If b /2 < (b/2 - b*/2)

- G,
c - C - —,—-Tr b _../2)
teff Tw b/2 - b: 2w eff
Egge = (bype/2) TAN ho + C. /4 |
: eff ’ '
leff = 22 - (Eeff - Crw)
if 'beff/z > (b/? - b;/2)
. =¢ - S % [b_ /2 = (b/2 = b*/2)]
teff w b:/2 eff °
w
Eegs ™ (b/2 - bX/])  TAN Rop + Ib gg/2 - (/2 - bg/2),] TaN hog + G 14
eff -
L

eff 12 - (Eeff - wa)

3.5 POWER EFFECTS PA2AMETERS

Geometric parameters required to calculate propeller-ahd jet power
effects are defined in Figures l4 through 18. Power effects are only cal-

culated for longitudinal étability'results in the subsoﬁic sﬁeed regime.
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.
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Zg  =Zp+XpTANap

Z, =n-Ir+ [(x,, +%, COS o Xp) TAN G
/I lx,, +K, oS aih] - lx,, +k C0Sa;
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FIGURE 14 DEFINITION SKETCH FOR PROPELLEﬁ POWER EFFECT CALCULATIONS
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FIGURE 15 GEOMETRY FOR DETERMINING IMMERSED WING PARAMETERS
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oo 7|2
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c:: = 2 c,,(l +A°;+ao;)?)
3ey)
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)
: L
/ Cy ‘ 1
T
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ﬂ
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FIGURE 18 DEFINITION SKETCH FOR JET POWER CALCULATIONS




3.6 GROUND EFFECTS PARAMETERS

Ground effects are only. calculated for longitudinal stability results in

the subsonic speed regime. Lifting surface hzights that are requxred by the
Datcom ground effect analyses are defined in Figure 19 and are presented in

equation format as follows:

Equations for Calculating hp s5h/2

IFr,= 0AND (b 2) rf 025 02 ) B w2t M 75c, ¥ A% TAN Gy
Fre0A0BDe S0507 bget b e, ™ TN [02) 05 02|+ BXTAN (a)hy
IF T, 4 0AND (b mrf'o.zs B2 Mg 552 2 Mg 75c, * 0TS DD TANE + X TAN @y
IFT,# 0AND (b v 05 gbf;') o no_,,‘,,,, = by 150, * |0 - Mh] TANT; +
I S | |o/2x, - o250 TANT ¢ 8X TAR (e
Equations for Calculating h |
h= 17200 35c, * Yam2) s ® Mg Zy - UISCiTAN (e B ,
wri:omoamroéo'zmm usmswosonm.\. |
IFF = 0AND 0/ > 025 6/ e by 7sc, 00 [TAN 072y =025 n/zhe aX TAN u,y,}
: IF 7, 4 0AND M\,—oi 0506 s Ny 752, * 0-90 [0.75 (/2 TANT, + AX TAN ““'l
IFC$0AND 02y > 020D b= Mg ysc, ? o.solnm - u/nrJ TANT

0.5 lma\r‘ - 025 fmsl TANT,+0.50 AX TAK (a;by

Equations for CalcuAlqting H B . | '

’ (‘- )‘“ "G "z‘ { (;"' TAN ‘Ci"
A\ Gn

IFF; % 0 M0 o 2= o She

FF 2 N0 Gy - b2~ 0y | o -(h ’,‘) l""""’?“' -mlmr

IF7,4 0 AN0 (g = [m-.mfnro | e TN |

IF T, 4 OAND (7)y lm N . (Ncm) ln -, 7»,J1Anr 0’(y,)' w2y, Y m,




Equations for Calculating Hy

("Cr = Mot 2w Gy TAN (ol

IFEy, = 0AND (yy = ,M»H -2 Hy = ("E, 4%

IFFi, = 0AND Ty l(b,Z\H - 0:.:7\—% Hy ( )ﬂ 1(7,1" +02r (b,"?)H, TANT,

: H

IFF;# DAND (3, = [M)H - (b.?\ron ( % r},»“ TANF,

IFr, 4 0AND ), - l(b,fzx,, - <b.:2\r°H S Hys (”Q/:)u . !(b Dy - (b,7\r°H !m iy
s b2, - (Q/zs”l TANT,

Ground effect methods rejuire calculation of a planform parameter,

Ax, in addition to the previously defxned ground heights. This param~

eter is shown in Fxgure 20.
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IGURE 19 GROUND EFFECT WING AND TAIL HEIGHTS
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SECTION 4

INCORPORATION OF METHODS

This section summarizes those methods which were incorporated into

Digital Datcom but were not defined in the Datcom Handbook or involve method

interpretation. Though some of the m-thods included are not, in, general,

standard Datcom methods, they permit greater flexibility in usirng the pro-
gtam, and provide output for some parameters which can be closely approxima-
ted or are difficult to obtain experimentally. All of the methods presented
in this section are referenced to Table 1 of Section 1 and the Datcom.
Methods, or procedures, not outlined in this section follow the Datcom method
and users should consult tﬁe Latcom for method I;mitations énd formulation.
4.1 AIRFOIL SECTION AERODYNAMICS | | '

This section describes a procedure that can be used to obtain the
geometric and aerodynamic sectioh characteristics of virtually any user
defined airfoil section. Its incorporation into bigital Datcom frees the
user from the labor of calculating those section parameters that werelre-
quired 1inputs, yét allow him the flexibility to alter those parameters for
which he has data. ' o '

The Airfoil Section Module will accept the following user inputs:

o The airfoil section designation

° Séction upper and lower cartesian coorainates

o Section mean line and thickness distribution
By these three‘methods,,many airfoil sections can be described’ and the sec-
tion characteristics calculated.

Since the Airfoil Section Module (ASM) uses the Mach and Reynolds number

inputs, they must be defined in namelist FLTCON using MACH and RNNUB. How=-

ever, the ASM uses the unit Reynolds number aﬂd'by 1mp11c$tion treats a
section one foot (or meter) in length. _ .

This module:brings together the outstanding featuies 6f two separate
studies. Kihsey and Bowers (A?FDL;TR-71-87) ﬁavefwtitten a prdgram that
calculates the airfoil coordinates of select NACA désigna:ions; then uses the
Weber teéhnique to calculate the section aerodynamic characteristicg.

Nieldling of McDonnell Aircraft has written a simiiar program using the Weber

-method, then incorporates additional methods to refine the theoretical
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TABLE 5 AIRFOIL SECTION MODULE ROUTINE DESCRIPTION

PROGRAM/SUBROUTINE

M50032 (OVERLAY 50,0
INIZ
SECH
SECO
CSLOPE
XYCORD
OELY

AIRFOL (OVERLAY (50,1))
DECODE
COORD4
COORD4M
COORDS
COCRDSM
COORD1
COORDS
CORDSP
SLEQ

THEORY (OVERLAY {50,2))
10EAL
SLOPE
ASMINT

MAXCL (OVERLAY (50,3}

PURPOSE ~ *

MODULE EXECUTIVE PROGRAM

. INITIALIZE IOM

READ USER INPUTS

TRANSFER MODULE OUTPUTS

CALCULATE VARIABLE SLOPE FOR SUPERSONIC AIRFOILS
CALCULATE AIRFOIL SECTION FROM USER INPUTS

* CALCULATE DATCOM PARAMETER AY

MAIN PROGRAM FOR NACA DESIGNATION INPUTS
READ USER INPUT NACA DESIGNATION, DECODE
CALCULATE 4~DIGIT NACA AIRFOIL

CALCULATE 4-DIGIT (MODIFIED) NACA AIRFOIL
CALCULATE 5~DIGIT NACA AIRFOIL

CALCULATE 5~DIGIT (MOOIFIED) NACA AIRFOIL
CALCULATE 1-SERIES NACA AIRFOIL
CALCULATE 6-SERIES NACA AIRFOIL
CALCULATE SUPERSONIC AIRFQIL COORDINATES
SIMULTANEOUS LINEAR EQUATION SOLVER

MAIN PROGRAM FOR AIRFUIL AERODYNAMICS
CALCULATE SECTION IDEAL AERODYNAMICS
CALCULATE LIFT AND MOMENT SLOPES
NON-LINEAR INTERPOLATION ROUTING

CALCULATE VARIABLE CLMAX FOR SECTION

BV |

i




predictions. A cross of the two procedures (coordinates of NACA airfoils and
viscous correction from Kinsey and Bowers, and the aerodynamic methods of
Nieldling) yields a program that generates fairly accurate results.

" The module is incorporated into Digital Datcom as Overlay 50, and
includes three secondary-overlay programs. The routines use the IOM arrays
for data storage so that core size will be kept to a minimum. Table 5
describes each of the 22 module routines and the logic flow of the module is
presented in Figurees 21 through 24.
4.1.1 Weber's Method

The calculation of the pressure distribution over the surface Bf
an airfoil in an incompressible inviscid flow is accomplished by use of
the method of singularities. Conformal transformations are used as‘aﬁ
intermediate step in deriving the methods for determining the distributions
of singuiarities from which the velocity distributions are calculated. The
routine inputs are the airfoil coordinateé distributed in any fashion, the
angle'of attack, and the Mach number. The airfoil shape is defined by curve
fitting the input coordinates to obtain the airfoil geometry atr thirty-two

required points i.e;:
4 potnts, X = 0.5 (CoS B+ 1)

ev = yn/32 for o<v<32

The chord line is obtained by joining the ledding and trailing edggs
of the airfoil, where the leading edge is defined as the forward most point
so that all points on the airfoil surface have a positive x coordinate. -

The airfoil is placed in a uniform stream Vo at an angle of4a:ta¢k
relative to the chord line. The velocity Vo is resolved into compcnents
parallel and normal to the chord line.

v = Vo cos 1

X0

Vzo = VO sin 2

.Combining the results for the parallelland normai flows, the velocity

distribution equation for a symmetrical airfoil at angle of attack is

v 1

C ) [1 . 1 dz dx!
- : . 0SS -_— —— t———
.v(x,z) . - {L p [ T ——
1 + (dz/dx) _

) | o
. 1 ) ’ ]
1 - x ‘ 1 dz 2z(x'") dx'
e y - ‘[1+;/(;;—.,-1 (1 2')2)"""]}
f ‘ , ) o' - Tex )
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OVERLAY
{50,0)

CALL INIZ INITIALIZE 1.0.M. ARRAYS TO BE USED
IN=0
FORIN =1,00 WING
IN =2, DO HORIZONTAL TAIL
""‘l =N+ IN =3,D00 VERTICAL TAIL
| IN =4 DO VENTRAL FIN |
|
|
I . CALL SEC! AIRFOIL JES
| DEFINED
: ,
| F NACA
I DESIGNATION
|
|
l
CALL
: CALL

| (OVERLAY
| XYCORD P
I START CALCULATE
e NEXT e ——  Tovcs

PASS - :

. SET CAMBER
CALL CALL :
CALL SECO OVERLAY OVERLAY CALL DELY
: - \ 52,3) (50.2)

e et oo e e s o s e

FIGURE 21 AIRFOIL SECTION MODULE — EXECUTIVE ROUTING
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GVERLAY
(50,1)

. DECODE USER INPUT NACA
DESIGNATION, SET NA CALL DECODE CALL
=1 COROSP
CALL =1 oN =6 CALL
cogros  [* 1 cdbros }
CALL CALL
CHRDAM choRDI
CALL CALL
CO$RDS CORODSM
| y ¥ ¥ .

WRITE
QUTPUTS




OVERLAY

{50,2)

| CALCULATE IDEAL AERODYNAMIC

CALL PARAMETERS
CALL '
SLOPE CALCULATEC) @M =0
(M =0.0) : :

r -

o

I CALL MACH LOOP, CALCULATE

L4  stoee Cy AT EACH MACH NUMBER INPUT
(M= M) - e
RETURN

" FIGURE 23 AIRFOIL-SE'CTION MODULE - SECTION AERODYNAMICS ROUTINE
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OVERLAY
(50,3
CImax FIGURE 4.1.1.4-5
{BASE)
1 Chyax FIGURE 4.1.1.4-6
%2 Clyax FIGURE 4.1.1.4~7a
|
|
! 42 Cyax FIGURE 4.1.1.4-7b
B4C 10y NOT usen
% Chyax noT usen

“huax™ Ctuaxgaget 414 2t 0

FIGURE 24 AIRFO\IL SECTION MODULE - SECTION MAXIMUM LIFT ROUTINE
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In the Weber Method certain combinations of the above terms have been rede-
fined as follows:
-1
S(l)(x) =L JEL __dx' , (Function for Source Distri-
. L o dx' x - x' '

bution in Parallel Flow)

d | (Slope of Thickness

s(z)(x) = %2
dx Distribution)
3) 1 L dz 2z(x") dx' (Functioa for Vortex Dierri-
s =g A dx' ) ) ')2 X - X' btution in Normal Flow, to
, 1 - (1 - 2x '

Account for a)

These functions are approximated by sums and products of the airfoil ordi-

nates and certain coefficients which are independent of the section shape

by
' N-1 N-1 .
69 1) (2) (2)
S (x ) = s . 2 S (x) = s 2
N-1

[}
-

3),. ' (3) ' (3) / P

S (x) = s + . —_—
ot vy zp sNu;

_ 2C

The effects of camber on the resulting velocity distribution are

' obtaired by assuming the camber to be small compa?ed wiﬁh the chord.

This results in the camber effect being accounted for in the parallel

flow on - Vo cos<xon;y.

¢

The Vortex Distribution, Y(X), on the chord line which produces a
given velocity normal to the chord ‘line and which is zero at the trailing

edge is

V.0 sy (xy ) Camber)

Y(xp) . Eii @ . S(a) (Vortex Distribution dye to
v e 2
= vy

ikt




The total velccity V,(x,0) on the chord line for an airfoil with camber and -

incidence is

Vx(x.O) = Vo coscxl[ 1+ S(l)(x) + S(a)(xﬂ

+V sin a 1-x [1 + 3(3)(x)]
+V -

with the + sign being for the upper surface and the - sign for the lower

surface. o ‘ ' F

The resulting velocity distribution at the airfoil surface is computed

using

5y, = Zg lope of Camber Line)

sy = 2 (Slope of Camber Line

\
(1) (4) 4+ sina ,1 - X ii + 5(3)(x)]
where V() . cos a [1 + 3 (x) +8 (x)] - ‘__.).(._-

\Y
o

(5), 2
Vo fowa] ©

'

which is the complete expression for an arbitrary airfoil at angle of attack
in an ideal flow. The 8(4)(X) and s(3) (X) terms are computed by approxima-

tion. The pressure coefficient is obtained by

i A M

.‘ o . A 2
(1 .(4) 1 - .
cosa [1 +S (x) +8 (x)] i. sina = . [1 + s(3) (x)]

1+ [P0+ 500 ]
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) accounts for the vorticles being pui into

(4)

(x)
a flow with velocity V (1 .+ S<l)(x) + S
(1 + 5(3) ¥
the thick and thin wiag. The term 1/ {1 + lS(E)(x) +

The tera 1 + S(l)(x) + S
| ( (x))} instead of Vo, The ters
(x)) accounts tor the differences in the vortex distribution between
S(S}(x)lzI is the cor~

rection between velocities on the chord line and on the surface.

4.1.2 Compressibility Correction and Integration

The effects of compressibility are accoun®zd for in Weber's Method by

the application of compressibility factors to the velocity distribution

contributions due to thickness and camber, respectively.

; D 2
B=“(1 - .\10) o+ S(1))
' €=l =TTy
i Py 1+ (577

3:“(1 - ») i
i
compressible fl~ is then given by

O

(Y - ¢
p

The velocity diétribution in

o { ¢ s("] sina{ s“)] {;: - x ) B
9y e — m—— [, ! maommmme !
(v)T forell v r g e N
) ; |
3 4
O \(~) 't \(})
1 +
B
Tle compressible pressure coeificient from the compre:s@ble form of
Bernoulli's equation is
' , DR N
¢ -—,—]—-—,’[: « 00 [x -~ }} T ‘
v “f‘"{ ! A\ ‘
o 3 .
The airfoil 1{ft, ax$ial torce and pitching ﬁoment are computed trom the
compressible and incompressible solutions {n the following manner
Set . MY e ‘u
l, —_— . K
0 w '
g’- “II‘ 1Y
o ” :
or "I' f I" ..:.i...._: '(I “ Uh‘QfQ o - :1 . Ve o . },
. [ < l hY }

Th -

e e ot s -




Therefore trapezoidal rule

N=d '.'
Lo =L ;*, Ix  sin ew + Ix sin 9%‘ + ¥ I sine {
LM . 3 :1 . '
N 2 o P g vV 2 v
v-1
= --11*—» Ix sin B8 ]
cos |, - 2
Similarly Nooov=l v
-1 . . . L
B . ver ' e (2) (5) (2)
. cooen sty + sy - oy (st -
CA Of) = — ug'x [p“ _ p{()_( 0
e .s(S)(x)J“i,“Q‘ et 120D ‘}2p
2y P, . -
and ‘ 14 2 sin 8 | | |
ey = — E fx (x-.2% T
N y=1 -

4.1.3 Ideal Parameters

The 1deai parameters are obtained from thin atrtoil theo{y, which
in effect means. results are obtsined for tne meanline characteristics in an

incompressibie inviscid flow. The ideal angle of attack 4 is obtained from

However, at the leading and'trailtng edges the equation is undefined and
incredents {n the vicinity of the leading and trafling edges must be deter-

rined, in'addition to the integration over the intertor portion of the
chord. '

L

Aa LA VIR 1T B DA TS s

s ! ) dx
X = oo X = 0§5] x *(}
SR LY |
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Aai | = ‘.3739‘ ZS : +v .04745_3_32?
x = .9619 to X = .9619 . ' le
x =1.0
resulting in
Aai = 57.1 [ Aai + Aai + Aai
s x=0 to x=.0381 to -.9619 to
x=.0381 x=.9619 ::i o

The angle of attack for zero lift fs obtained in a similar manner
1 :

a = - z 1 I
OL J{ s — :
v (1“X)¢X[l—x]' dx

with . °

%o - -.783% 7} + .09518 g—:‘
x-.?619 to x=.9616 . x=1.0
x=1.0
The total value 1is givén by
a
OL = 5,7.3 . aOL + aOL
x=,.9619 to x=0 to
x=1.0 x=.9619
The ideal 1lift coetficient is now simply L
Cc 2w ja, + «a ]
a e [T oL
N 57.3 [ v
The pitchingymément about the quarter chord is
: B S
. .
C = 2m Szcos 8, + __ - g
Py N ; ® 57.3 2
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4.1.4 Crest Critical Mach Number

The crest critical Mach number is precisely defined as that free stream
Mach number for which local sonic flow is first reached at the airfoil

surface crest on the assumption of shock free flow. Its significance is

founded on its relation to the drag rise Mach number. Various empirical

studies have been aimed at finding the critical pressure ratio at the crest
which corresponds to a drag rise in the test data. Nitzberg (NACA RMAYG2U)

proposed a critical pressure ratio for drag rise of

PeREST/PTOTAL = V- 5283 -

which corresponds to a crest Mach number of M = 1.0, Sinnot (RAS TDM-64U7)

¢

proposed the ratio

PeresT/ProTAL = 04515

which corresponds to a Mach number at the crest of M = 1.02 and which corre-
latés'better with drag-rise dataT Sinnot's value is used in the Airfoil
Section Module, thus the crest critical Mach number corresponds to a local
flow at Maéh 1.02 at the crest rather than sonic conditions. The relation-

ship between the crest pressure and crest critical Mach number is
0.515(1 + 0.2 M% )3°5 -1
c - Caa.

P 2
CREST .
S 0.7 F My,

where : ) |

. " : : -1
F = [3 + 1/2 (1 - B..)C ]
Lee €€ Perest |

Mec ™ CREST CRITICAL MACZH

€ = INCOMPRESSIBLE VALUE
PCREST

- =)
3cc' e
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Rewritten so that Mgc is a functionlof CPCREST’ the relation is approxi-

mated by
: ' -1
Mcc= [1.023 = +9507 Cpopecr ~+414 CpfresT = +1506 Cpdrest - 0212 CpéRESTJ :

The crest location for each angle of attack is determined by comparing
the airfoil surface slope for each x location to tangent «. The final

location is obtained by interpolating between the two given x locations whose

airfoil slopes bracket the tangent a value. The CpcrgsT value is obtained

by inteérpolation of the Weber incompressible pressure distribution between
the two x values surrounding Xcrgste The crest critical lift coefficient
is obtained using the ' Karman-Tsien compressibility rule on the M = 0 inte-

grated Weber lift coefficient.

LG
C =
Lee ‘9
. Y
‘%c feLoni
B, - —=
’ 1 +-ﬁ 1 2
ce i

where, CL(M) = C, for M = U, ,

No specific béundary~layer correction is used. However, the batcom
recommends a 54 correction factor to bring the results in line with experi-
mental data, and the viscous correction of section lift curve.slope proposed

by Kinsey and Bowers (Appendix B, Volume 1) has been incorporated. .

1
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4,2 TRANSONIC WING CL FAIRING, TRANSONIC WING X,. FAIRING, and TRANSONIC

WING C VD FAIRING |

Datcom wing metbods in the transonic Mach regime calculate aerodynamlc
parameters only at specific Mach numbers. Data at the requested Mach number
1; then determined by interpolation. This approach is used for the wing
life curve,slope‘(CLJ), wave drag (CDJ), and aerodynamic center (Xac)e
Nonlinear fairings for each of these parameters are discussed in the follow-

ing paragraphs.

4.2.1 Transonic Fairings of Wing CL

Wing lift curve slope,, CL , is calculated in subroutine TRS¢NI overlay
24. The. same methods are used fot the horizontal tail in subroutine TRSPNJ,
also in overlay 24.

Datcom section 4.!.3.2 defines the methods for calculation of CL(lat
five discrete Mach numbers from 0.6 to l.4, Values at Mach 0.6 and l.4 use

the subsonic and supersonic methods,'pespectively. The routine used to fair

this curve is abmddified version‘of subroutine ASMINT used in the Airfoil"

Section Module, overlay 5U. To ensure a smooth continuous interpolation, a
curve 1is cdnstrucued by fitting the points by a left-hand parabola joined to
a series of cubic curves, and finally a fight-hand parabola. This technique
yields z function which has continuous deriuativeé everywhere. The slope
of the curve at subsonic Macn numbers is obtained by differentiating the
-equation on Datccm page 4.l.3.2-4Y with respect to Mach number. At Mach 1.4
the: slope is found by calculating values at Mach 1.3, 1.4 and 1.5 and assum-
ing a curve of the form: ' '
CL = A+ B/3+C/gl '

Subsonié methods are used to Mach 0.75,}9: 0.: less than the force break
~ Mach number (Mgp), whichever is smaller, and transonic fairings are initiated
at that poiné. ‘ ' '

Subroutines TRANUG and TRANHT are used to calculate CLa at Mach 1.3,
1.4, and 1.5 and return CLa and its slope at Mach l.4. Subroutines TRS@NI
and TRSGNJ calculate CL using the subsonic equation if the Mach number
is less than 0.75 (or be - 0.1), calculate the slope of the subsonic CL

‘curve at Mach 0.75, and call the new fairing routine if the Mach number 1if
greater than 0.75.
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4.2.2. Transonic Fairing of Wing Cpy, :
The wing wave drag, CDW' is calculated in'subroutines TRS@NI and TRS¢YNJ,

ovérlay 24, for the wing and horizontal- tail respectively. The method is

given in Datcom sectlon 4.1.5.1.

Digital Datcom performs a linear intefpoiation of Datcom Figure 4.1.5.1-
29 at fifteen discrete Mach numbers to determine the variation of CD . Non-
linear. interpolations of this curve are performed as 'required at é%e user
defined Mach nuybers using the fairing routine developed for wing CL « Two
additional constraints were applied to perform this fairing.

a. If the linear slope to the left br right of a given point, except
the end points, is less than UNUSED,'(IO-GO_on CDC computers), the
slope at that point is set to zero. '

b. Any computed value less than zero 1is set to zero.

within the fairing routine,lthg nhmsét of points in the curve is used to
discriminate between a fairing of Cb " and CL"

.t
4.2.3 Transonic Fairings of Wing Aegodynamic Center

Aerodynamic center, xac’ is céiculated in subroutines TRANCM and
TRHTCM, overlay 25, for the wing and horizontal tail, respectively. _

Datcom section 4.1.4.2 defines the method for calculation of xac at
six discrete Mach numbers from 0.6 to l.4. Values at 0.6 and 1.4 are deter-
mined using the subsonic and supersonic methods, reépectively;lthe remaining
four points are obtained from Datcom Figure 4,1.,4.2-30 corresponding to
V= -2, -1, 0 and +1. 1If the thickness ratio is less than or equal to 7%,
these data aré interpolated for the aerodynamic center. If the thickness
ratio is greater than 7Z, the curve is defined using points which are a func-

tion of the force break Mach number, M An increment to the aerodynamic

£b"
center is found from Datcom Figure 4.1.4.2-33 and applied at the fifth point
(M £b "+0.07) and the resulting curve 13 then interpolated for the aerodynamic

center. The following table summarizes the 1nterpolation table:
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Using Six Points Using Eight Points

t/c < 7% tle > 7%
Ml 0.60 . : . 0.60
MZ M for X. 2 .0.60+be)/2
M3 M for X" -1 | be
M4 M ;oriz = 0 | be + 0.03
MS. M for V = +1 be + 0.07
M6 1,40 be + g.lf
H7 - ‘ M for V= +]
Mg - 1.4

The interpolation routine used is similar to the routine used for CL ‘and CD
) ' a
(Sections 4.2.1 and 4.2.2). W

4.3 TRANSONIC WING C,AAJ TRANSONIC UING;QD ) TRANSONIC WING -BODY-TALL C[ 2

TRANSONIC WING-BODY~TAIL Cn, TRANSONIC bING C __, and TRANSONIC WINB—
30DY C C 3

This section describes those methods used to compute the transonic con-
figuration aerodynamics using Second Level Methods, and are summarized in
Table 6. Additionally, the partial output is described.

4.3.1 Transonic Wing Lift Coefficient, CL

The wing lift curve versus angle of attack is programmedlin subroutine
WINGCL. The method described in Datcom section %4.1.3.3 is used as a guide to
produce trends and is not construed to be an exact method of solution. Since

the method is an approximate ‘one, the following procedure was enployed to

" produce the wing 1ift characteristics applicable to thin, low aspesct ratio

wings: ‘
i. The required experimental daia inputs by tk2 user are ao (zeto'
11ft angle of attack) and o, (the angle of attack where the lift
© * becomes nonlinear).

2. The lift variation is assumed to be linear up to a‘,'and nonlinear

to a, (maximum lift angle of attack).
L : .

max




TABLE 6 PROGRAMMED TRANSONIC SECOND LEVEL METHODS SUMMARY

DATCOM | AERODYNAMIC . SUBROUTINE | EXPERIMENTAL DATA | PARTIAL OUTPUT
SECTION PARAMETER | CONFIGURATION |PROGRAMMED | INPUT REQUIRED AVAILABLE
4133 CL WINGS WINGCL ' o a, N
4152 Co, WINGS + fwineecL C ORay a, Cp, /02
5.1.21 Cpg WINGS WINGCL €L ORay, a, Cag/CL
5.2.2.1 Cag WING-BODY wecLs L Cag/CL
45.3.2 " Cp WING-BODY-TAIL | COWBY Coyg (NONE)
Coy
CLH . . ;
a/g
o0
€
. : Coov OF Cogwar*
453.1 Co, WING-BODY-TAIL | WBTCDY | ITYPE (TYPE GF Mp
- ' || GENERAL CONFIGUR-
ATION)
*Co gy 'S AVAILABLE FROM THE SECOND LEVEL ROUTINE OF GATCOM, SECTION 45.3.1,

SUBROUTINE WBTCDJ.
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3. The nonlinear lift region is modeled by a mathematical relationship

that satisfies the following conditions:

CL = CL at a = GC
max L
max
CL =CL (\1*-1) at vy
[#1
dCL.
= C
d 2 L ' at a=a,
dcy
= 1 =
d 0 at £ “CL
max

A modified polynomial of the form
g = A+ BX-X) + c(x-x )N
o h o

is utilized to satisfy each of the bouncdary conditions and yield a cucve

somewhat parabolic in shapé. This relationship has provided excellent

‘"results in modeling the nonlinear lift range. Derivation of the unknowns A,

B, C and N is described in Section 4.3.7. .
Two other user options are available from the routine; (a) the user

may input only<1°, or (b) the user inputs only a,. Since both @, and o,

,are required to estimate the'lift variation by the preceding technique, the

subroutine will provide an estimate for the missing parameter from a qua-

dratic expression. Specifically, a quadratic polynomial can be faired

thfough‘the nonlinear lift region if@x*.is an unkﬁown. ‘Applying the gener- .

alized boundary conditions to a polynomial of order two, and solving for O

will yield an estimate for 'this unknown. Conversely, if a, is not input, it

can be determined in a similar manner.
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The relationships used are as follows:

1. @, not input : CL
a, ma 4200 -a 4+ —D8X
* C : o C C
L L L, .
. max max
2,
G not input
a
L Yx - %
a max L
o=a, - + max
L c 2
max - L o

If neither a, mor 0y are user inputs, no solution is possible, but

the program calculated values for CL » CL and . are

L
available as partial output. a max max

The programmed procedure for computikk the ratio C /C 2 1s exactly as

described 1n -Datcom section 4.1.5.2. The method does & three dimensional

table lookup for Figure 4.1.5.2-55a (A tan (ALE) = 0) and for Figure

4.1.5.2-55b (A tan(Apg) = 3). Figure 4.1.5.2-55c shows a linear relation-

ship of the dependent variable (t/c)~1/3 CDL/CL? as a function of the tran-

sonic similarity parameter A tan (Apg) for each value of the ratio M2 -

1)/(t/c)2/3; it was assumed that this linear telationshiplﬁould hold for

all other taper ratios other than 0.50. Therefore, linear extrapolations on

all varibles would be performed if required. '

' This method was programmed in subroutine WINGCL with the calculation
for wing Cp. Since Cj is required to calculate CDL’ the celculation
of wing Cp would enable the calculation of this parameter if Cj 'is not

input as experimeutal data, The routine will not overwrite experiuental data

input, and thus the user oriented features are retained.
The r.tio CDL/CL2 is available from the routine and will be outpuc
for user reference 1if CDL cannot be calculated.
4.3.3 Transonic Hlng Roll Deriva:ive;J;QB .
Like the wing CDL calculation described, the method of Datcom Section

5.1.2.1 requires wing 1lift to calculate : £rom the relationship C2 /L,

equation 5.1.2.1-c. Thus, this method is also programmed in subroutine

WINGCL.. The calculated value f.- Clé will not overwrite any experimental
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data input. The ratio c, /CL, is provided if the calculation for Ci? cannot
£ :

be completed. No exceptions are taken for the Datcom method. The ratio.

C;{/CL at Mach numbers 0.6 and 1.4 are obtaired by calling the subsonic
and supersonic aerodynamic modules. ’

4.3.4 Transonic Wing-Body Roll Derivative, C2

The derivative Ciﬁ will be calculated by Datcom equation 5.2.2.1-d if

the wing~body lift coefficient variation with angle of attack is supplied, or .

computed as described above.: The rétio CQT{CL is given as partial'output
if the lift variation is not specified. This method is implemented exactly
43 described in Datcom and is programmed'in subroutine WBCLB. Since Cy /
C, at Mgy and Mach 1.4 are required input items for this method, they are
calculated by calling the appropriate aercvdynamic modules. |

4.3.,5 Transonic Wing~Body-Tail Drag Coefficient, Cp

rm e mm .. .-

This method is a "method for all speeds™ as described in Datcum Section

4.5.3.2, and is incorporated in exactl&'the same manner as presently pro-

grammed for the subsonic solution. This ﬁethod,'és programmed in subroutine
CDWBT, require the following experimentalgdata inputs: '

1. CDwB vs angle of attack

2. Cp, vs angle of attack

3. Cy, vs angle of attack

H
4. q/q, vs angle of attack
5. € vs angle of attack

6. CDOV or CDOWBTI

If CDov is not an experimental data input item, the program will

calculate it from the estimated CDOWBT calculated as follows:

: Cp,. .
oy OWBT OWB OH
No partial output is available from this method.

Cp =‘CD -

4.3.6 Transonic Wing-Body-Tail Zero Lift Drag Coefficient, cDo«

This method follows exactly the method of Datcom section 4.5.3.1,
and is programmed as subroutine WBTCDU. This routine does not :eqdire
experimental data input, although experinental data input is an optional

feature for this routine.
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Utilizing appropiate configuration description parameters the prog am
conputes the drag divergence Mach number, My, from Figure 4,5.3.1-19. The
experimental data input allows the user, at his option, to select -.he type of
general configuration to be usad in computing Mp. The thcee options
are:
o A - Straight wing designs without area rule.
o B - Swept wing designs without area rule.
o C - Swept wing designs 1ncorporat1ng transonic area rule theory.
The program default options are as follows:
o No wing sweep - General Configuration A
o Swept wing, configuration type not defined - General Configuration B
The general configuration types are defined by the parameter ITYPE,
where iTYPE=l fot.configuratidhAtybe‘A, ITYPE=2 for configuration type
B, and ITYPE=3 for type C. In the case of configuration type C, the line
for type C, in Figure 4.5.3.1-1¢, was linearly extrapolated and programmed.
all extrapolations in this figure, with the exception of thickness ratio, are
assumed to be linear; thickness ratio is extrapolated in ; quadracic fashion.

with Mp calculaced from Figure 4.5.3.1~19, it is necessary to fair the
Cp curve across the transonic Mach regime. The followiag criteria was

used to fair the curve:

dCp,

ogr> =00em=M

2. Cpy = Chgyy: 5 + +002 @ M = My
dc cy.. _-C

3., °“Do _ “Doy. Dop=.6
ol “'-71 5 eM=.7
dCp c .

4, Do _ “Doy=y,4 ™ Doy 3 eM=1.1
dM 3

A polynomial fairing of the same type as used for the wing nonlinear
11ft coefficient is used here and has shown acceptable results. .

The values of CD at Mach .7 and l.1 for this method are obtained by

. calling the subsonic and supersonic aerodynaric modules.
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" 4.3.7 Data Fairing Technique

The data fairing technique used for computin; the nonlinear 1lift region

6f'transonic.wings and the transonmic wing-body-tail zero lift drag co.i-
'ficient waé'chosen for its.powerfui features and ease of application.
The general fairing formula is a polynomial whose form.is:
y = A+ B(X-Xg) + C(X-X, N
uhere A B, C and N are unknowns. Given the values of y and dy/dx at two
points, X0 and X), four simultaneous equations can be written. These
equations solved simultaneously for the four unknowns yield the followlng

‘results:

A=y

a ]
- 4 v
B dx @x X0 ‘

y, -y (—‘Y-) (X=X}
c 217 X%, 170

(X, - X.)

d dy

ED, - D ]<X~X>
N = [dx Xl dx XO L0 ’

- dy. ¢ -
Yy T Y (dx)yo (Xl XO)

. The .general equation reduces to

-—-'u~

N

- _ X-X
) ” o ro dy ) 0 } .
y =y, f (dx)x(, (X-X5)  + [Yl (dx))\o & .x0>] (Xl’xo) - 1

e

This équation is valid for Xp < X £ Xj and (dy/dx)xd # (dy/dx)xl.
Neither of these conditions is violated in this application. The range of

values of X will always fall between Xy and X; because of the program , ]

"logic, and in the nonlineaf lift region the slopes at Xg and X) will
_never be equai. For the transonic wing-body-tail CDO versus Mach

fairing the Datecom relation (dCDO/dM) = 0.10 at M=Mp.
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4,4 SUBSONIC WING C,, SUBSONIC AND SUPERSONIC WING AERODYNAMLE_CENTER; SuB-
SONIC WING-BODY Cp,and SUBSONIC WING-BODY-TAIL Cp

The subsonic wing pitching moment variation with angle of attack
follows Datcom Method 1 of Section 4.1.4.3, and is programmed in subroutine
CMALPH. The method is applicable to those configurations whose wing aspect

ratio satisfies the following criteria:

A < 6 ~ ("LOW ASPECT RATIO")
(1+C1) CoS A LE

‘For "high aspect ratio” configurations, the default wing aerodynamic
center 1s either the quarter-chord of the wing mean aerodynamic chord,
or the user input value (variable name Xjc in the planform section charac-
teristics namelists). This value is used in computing pitching moment for
the wing up to the angle of attack where the wiﬁg 1ift deviates by more thaﬁ
7.5% from the linear value; at this point the method is no longer valid.

There are no'methods in Datcom or Digital Datcom for supersonic wing
pitching moment, though the wing'XAé is estimated to be at the wing plaﬁ’
form centroid for unswept leading edges, and édmputed using the method and
design charts of Daféom section 4.1.4.2 for other surfaces. These supersonic

data are computed in subroutine SUPLNG.

Theré is no Datcom method for computing the wing=-body pitching moment in

any Mach regime. Digital Datcom, however, computes the subsonic wing-body

:pitching'moqent_using the following formulation (programmed in subroutines

WBCMO and WBCM): '
‘o Compute (Cmo)WB from regression formulation of Datcom Section
4.3.2.1, programmed in WBCMO. If the method is not applicable,
(cmo)WB is computed from Method 1. }
o0 Compute the wing~body aerodynamic center from Datcom Section 4.3.2.2
(WBCM), where Equation 4.3.2.2-a is used at ai1~speeds.

o The wing-body C, curve is then computed as

cmHB - CmOUB + cmCL + cmCD
90‘
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b 4

where C is the pitching moment due to lift obtained.by'integra-

mey,
ting the curve of Xpc versus Cp from Cp = 0 and to Cp at the desired
angle of attack, and CmCD is the pitching moment due to ﬁing*body drag

located at Zuc.

Subsonic wing-body-tail pitching moment versu. angle of attack is
computed by Digltal Datcom in subroutine WBTAIL, though there is no Datcom

method for this parameter. The method formulation used is as follows:

L
JH j WBT j WB

o

| (xac - xc )H
(C ) = [C ) + (q/q ) ( ) + —2¢ <8 2 C CoS (a).
mJwer  \ ™5/ ws =] H Ly n ]

(Zac

-2 )
cg'H ( ) i
— c / cos
Xy kg (a/q) (ar).j

c
r

+(cDj)H, (a/agg); SIN (@f +

-{c SIN (a) |
( Ly )H 3 :

4.5 TRANSONIC BODY C, FAIRING AND TRANS
ki

__e_

NIC BODY Cp FAIRING
a .

~ The transonic CL and Cm derivat ves for the body alone configura-
tion is interpolated linearly between the subsonic (M - 0.60) and supersonic
(M = 1,40) Mach regimes in subrcutine BOD RT.
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4.6 SUBSONIC ASYMMETRICAL BODY Cy, SUBSONIC ASYMMERICAL BODY CmO ’

Cms AND -SUBSONIC ASYMMETRICAL BODY Cp,, Cp

Digital Datcom body solutions generally include 1ift, drag, and pitching
moment coefficients. In the transonic speed regime the solutions are re-
stricted to 1lift and pitching moment slopes, and drag coefficients.

4.6,1

Subsonic Bodies )
Subsonic body analysis computes lift, drag, and pitching moment coef-
ficients for either axisymmetric or cambered bodies. Digital Datcom body

methods are identical to Datcom except for the base drag.

calculates base drag using a minimum base area equal to 30% of the body
maximum cross-sectional area. ‘

The cambered body pitching moment method is not defined in Datcom
and is therefore described in detail. for clarity, the lift method, which is
defined in Datcom, is also described. These body methods (subroutine
BYDYPT) are executed when the parameters Zy and 2[, are user specified
(namelist BgDY).

zero lift pitching moment, and body lift and pitching moment versus angle of

The method predicts the zero 1lift angle of attack,
attack. The Datcom.drag methods -are retained.
Zero lift angle of attack and pitching moment are calculated utilizing

conventional mean line theory. The equations are.

| d(X/L), degrees
(1-%/L) [X/L (X/L)Z] 1/2

1-2.0 X/L

ﬁ , d(X/L) |
[%/L - <x/L12]1’2

]
o
[ ]
o
=
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: o
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These parameters are defined in Figure 25.

Lift and moment for asymmetric bodies are calculated by employing a
modified version of Polhamus's leading~edge suction analogy (References
2 and 3). Polhamus considets,two components of 1lift, a potential flow
term, CLP’ and a vortex-lift term CLV. Both of these terms are a
function of body aspect ratio (A) and are defined as follows:

CL = CLp + Cyy ' '

CLP = Kp sin a cos« g

CLy = Ky sin acos «

X = angle of attack
Kp and Ky are obtained from Figuce 26.

The Polhamus vortex lift equat.ion wust be modified to make it applicable
to thick bodies because the oastt of vortex 1lift for such configurations is
not st zero angle of attack a3 it 1s with flat plate wings. The thick body
angle of attack for onmset of vortex lift (ay) can be correlated with the
fineness ratio (FR) wnd tae thickness ratie (TR) of the body as showe in
Figure Z7a. ‘The body thickness parameters are showa in Figure 27b. Experi-

mental uata used in correiation are presented in References 4 through 7. = The

.redetined'l;ft expressions for thick bodies are as follows:

CLp = Kp sin 2 cos? g
C'Lv = Kv.s:ln2 ("\X-\!v) cos ( Q'dv)
C'p = CLp + C'LV

The body pitching moment is obtained by estimating che center-of-,

ptessure locations of both the . potential and vortex lift " components.

The total pitching moment is equal to the sum of the moments produced

by the 1lift forces acﬁing at their respective center-of-pressure loca-

tions pius the zero 1lift pitching moment. The poéedtialeiift center-of-
bressure location employed stems from slender body theory and is presented in
Figure 28 as a function of n. The equationAEor the powerlaw planform is of

the form R = Rpax (X/L)®. . The program computes an exponent n that closely -
approximates the input planform area. The potential lift center-of~pressute

location is obtained from Figure 28 or the equation,

Xep/L = 2n/(2041)
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Vortex lift center of pressure is assumed to be located at the total planform

centroid of area. The equation for the body pitching moment coefficient is:
Ch = Cmo + CmP + Cmv

= . - L
Cm, = Gy, (X6 Xcp)/

Cx,, = Cy, (XcG - i)(L
where X is the location of the total planform center of area measured from
the body nose. The method. is apnlicable at angles of attack equal to or
greater than the wing maximum 1lift angle of attack. .

4.6.2 Transonic Bodies

Digital Dotcom body solutions are restricted to lift and pitching
moment 'slopes, and drag coefficients in the transonic soeed regime. These
data are computed by performing a linear interpolation between the subsonic
(M = 0.60) and supersonic (M = 1,4) Mach regimes.

Subroutines that implement the transonic bod§ methods are B@DYRT,
SUPB@D, TRS¢NI and TRS@GNJ.

4.6.3 Superscaic Bodies

Supersonic body analysis provides solutions for lift, drag and pitching
moment coefficients. Datcom methods for life, pitchiog moment slope,
and drag coefficient require the body to be §ynthesized from a combina-
tion of body components comprised of a nose, after-body, and/or tail seg~

ments. Digital Datcom requires synthesized body configurations to be either

- s

nose alone, nose-after body, nose-after body-tail, or nose-tail segment
combinations. | ‘

Some of che'Datcom body drag mefavds in this speed regioe have not been
implemented in Digital Datcom. - The 2ffects of bluated noses on drag are oot
iocorporéted sinco.the bod} 1ift and pitching coment methods do not reflecc
the influences of this parameter. Some of the Datcom interference drag
methods are also dnleted. In this cose,.the methods were omitted oecause'of
their limited range of applicability.

Calculation of wing=-body, or horizontal tail-body, stability requites
the lift curve slope of the body ahead of the ‘wing or horizontal tail. Body
CN methods are executed for the portion of the body ahead of the wing, if
the wing is present; the portion of the body ahead of the horizontal tail, if
the horizontal tail is present; and entire body.
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All methods are implemented by subroutine SUPB@D except for a portion

of the dtag methods contained in subroutine FIG26.

4,6.4 Hypersonic Bodies

Hypersonic body analysis 1s.performed at user designated Mach numbers
that are equal or greater than l.4. In this speed regime, Digital Datcom
stability éolutionslinclude lift, drag and pitching moment coefficients.

Hypersonic body analyses for lift and pitching moment slopes and drag
coefficlents, like the supersonic body methods, require the body to be
synthesized from a combination of body segments. Hypersonic body analysis 1is
unlike the other Datcom hypersonic configuration analyses since the methods
are defined independent of tha supetsonic results. Body CNQ for portions'
of the body ahead of the wing and/or horizontal tail are also calculated.

The methods are implemented in subroutine HYPBOD. A small portion

of the drag methoas are fcund in subroutine FIGZ6.

~4.7 TRANSONIC WING-BODY Cj,

The transonic wing-body lift coefficient, if not input using name-
list EXPR--, is computed in subroutine WBCLB using the following equations:

C. = (C %
L La)w (“j‘)w

C "= (C a - :
( Lj)WB ( I-a)B aj v + [KN(B),+KB(\J)} <CLa ‘3*0.3

+ E‘w(a) ”‘B(w)] Cl.1 ;
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In computing the transonic wing-body pitching mor .nt slope, the center
of pressure of body-wing carryover is linearly interpolated between the
values obtained at Mach 0.60 and Mach 1,40 in subroutine TRANCM.

4.8 WING-BODY-TAIL MOVEABLE HORIZONTAL TAIL TRIM

The all moveable horizontal tail incidence required to trim the vehicle
(CMC G. 'U) at angle of attack 1is calculated in subroutine TRIMRZ, At
ttim, the forces on the tail are €, and CDF (trimmed lift and drag),.
and are referenced to the local flow at a tail angle of attack of (a=- €y).
Since these trimmed forces are located at the tail aerodynamic center, which

is known, the total body moments can be summed as follows:

q q aX AZ
Cp +0y o B | cos (amg) + & sin (- )
Mg Mo % Ly |T [
W W
: q Al - aX
_ +:YCDH H | _AC cos (a- eH) - ——AQ sin (a-eH =0

qm Cw C“

CDH can be expressed as
2
(c )
e

Chy = € +
CH D TIAHH

Hence, the only unknown is CLH' the tatl ltft at trim, which can be
evaluated. From Sketch (a) note that .
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VIEW IN PLANE OF SYMMETRY

a = Airplane arngle of attack (positive as shown)
xy = Distance from c.g. to quarterchord point of horizopul- stabilizer MAC

£ = Angle defined by intersection of x, with FRP (positive as shown
with horizontal stabilizer above c.g.) '

Sketch (a)
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A}ac .
—— cos (a-eH) + __ac sin (a-eH)
W Oy
XH
= — [ cos acos (a-cy) + sin a sin (a<ey)]
CN
X : )
= :H— cos (Q-a-eH)
Cy
LY aX
—2£ cos (a-e,) - —2€ 5in (a-ey)
Cw 'CN
Xy
= — [sin 2 cos (a-eH) - cos & sin (a-eH)]
Cy
i
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The moment equation reduces to

H

q q, X
C + CM H L H :ﬂ cos (@ -~ a + EH)
M Mow % Tt % T
(c, % | oy X ,
1 ,ALQ —“—:ﬂsin(n-a+eH)='0
o4 " | % T,
Letting 8 = Q -~ a + €l and re-arranging yields a quadratic on CL .
2
w % )
-q—- —— s$In § Ae
® CN H™H
q, X
- EH_ :_-H- cos & (C, )
= Ty H
q, X q
+ ¢y & Hsinsrc, +0y, aﬂ =0
oH %= T, e Mon %
. i
. Simplifying,
¢, +c, M
: M a:
"Aﬂe (c, )2 L *+Cp tans+ qM’“g OH
H , OH , aﬂ-:H— cos &
| = G
From the quadratié-formula,
. q
H
: C, +¢C —
W
'a" — Cos §
o Cw
C, =
Ly . ,
S 2 tan §
- . wAHeH
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In this form, the equation becomes invalid fop = 0, and can be further
reduced to

Y
CMw +CM a— ‘
2| T Bq OH *= CD tan &

Mooy M
c =
Ly

+C. tans
Don

A plus sign in front of the radical is the.valid solution, otherwise at
§ = 0 the solution is undefined. This result is similar to Datcom equation
4.5.3.2~e, with the exception of the term "CmOH QH/ Qe o "

Once the tail lifct at trim (CLH) has been determined, a variation
of Datcom equation 4.5.1.2-a can be used to calculate the tail incidence

[A I
1y*

“W=ooo, (KH(B) ' KB(H)) |

20 (o) Thyg) * kgl
R _

. ' A v. ’
e + 1 .
VB(H,) (ZnaVr )H

* S : '
where CLH is the‘pseudo lift~curve-slope of the horizontal tail in the
presence of the body, ‘

(b, - b*/,)
1CA)

Cie’ Gggr
a .

H

L* CL (KH(B) + 'KB(Hl))

®H %y
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and CLH' are the horizontal tail 1lift and lift curve slope at
- +
| (a - ey + agy) - |
"and oa,ff is the effective angle of attack of the horizontal tail in the

'
CLH

_ presence of the body

Ky my *+ K
R H(B) ~ *B(H)

a = a-¢
eff © %7 T T0H T M\ Kygey ¥ Rath)

The incidence angleito trim can, then be solved directly, and becomes

' — : ' b/, -b*
: CL - (KH(B) + KB(H))[CL i CL’ (a - ey + aOH)IV (__i:__) ( zb/g '/2)]
Sy = H _ H oH e(w) \2mvr/
("B(H) ¥ kH(B)) Gt 3 ) (b/Z i F*/Z) & .l |
| a,  'B(H) \ZnVr / H\ T B/2 oH

H

Once the tail lift and drag at trim has been computed the panel hinge
moment about the pivot point can also be cbmputed. Since CLH and Cp, are
are referenced to the local flow, they must be computed relative to the

freestream flow. Relative to Vy , trim lift and drag are

. . o . ‘ ) QH
o = (C cos e = C sin g) —
Ly Ly Dy -
TRIM T T
2
c - C. o+ TRIM
DH D0 "AHeH
TRIM H AR
The piﬁching moment trimméd is
. : X, ‘ X
C =C :# cos §i+ C A sin s
TRIM TRIM | Sw RiM | S

The hinge moment ébout the pivot point is

C " COS a + CD ' sin a

= |¢
T LY
HIRIM HrrIM
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4.9 WING-BODY-TAIL TRIM WITH CONTROL DEVICES

Configuration trim with wing or horizontal tail control devices is
pérformed in subroutine TRIMRT. The method programmed, which is not a
Datcom method, essentially does a table look-up of the cnntrol'device
incremental pitching moment coefficient versus control deflection for
the deflection required to trim. The incremental lift coefficient and
drag coefficient ire then obtained by performing table look-ups for these
variables (which are a function of control deflection aagle) at the trimmed

control defiection.

4.10 STANDARD ATMOSPHERE MODhL

Incorpocation of a standard atmosphere model . (subtoutine ATMOS) into

Digital Datcom provides input and output flexibility for the user. The

program can operate on Mach number and altitude as separate independent:

variables. The addition of vehicle weight and flight path angle permit
calculation of equilibrium flight conditionms.

The‘program allon the user to input either Mach number or velocity
as an independent variable for speed reference. If'velocity is input,
the free stream static temperature must be available so that Mach number
can be calculated. The user will also have the option to specify a flight
altitude, or static pressure and temperature, as an indebendent variable
defining the atmospheric conditions. If altitude is specifiéd, pressure and
temperature will be found using the "U.S. Sfandard Atmosphere, 1962."

The.user may input up to 20 Mach-of velqcity points. I§ Mdch number is

'input, the velocity will be calculated for each point where atmospheric dats

are input. When velocity 1i$ input the Mach number will be calculated using
atﬁospheric conditions. If velocity 1is input instead of Mach numbers and

atmospheric conditions are not defined, an error message will be written and .

Mach numbers will. be calculated using a speed of sound of 1000 ft/sec. .

The user may also input up to 20 atmospheric conditions. The atmosphere
may be defined by altitude, pressure and temperature, or Reynolds number. If

the alti:ude 1s glven, pressure and temperature will be determined using the

'.10;
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atmosphere model developed in Reference 9. The Reynolds number will be
calculated using the following equgtion (in the foot-pound-second system of
units):

RN/L = oV/y = 1.2527 X 106 PM (T + 198.6)/12
This equation was derived using the following relationships:

p = P/RT '

v = M ART
‘ p o= 2.270 X 1078 T1.5/(T + 198.6)
If the Reynolds number is not input and cannot be calculaied, an error mes— '
sage will be written and the Reynolds number will be set to 5 * 106/ft.

Given the vehicle weight, flight path angle, and atmospheric condi-
tions, the equilibrium flighg aerodynamic data can be determined., Equilib-
rium flight 1s achieved when the following relationsiip is satisfied.

WL = (Cp cos§ ~ Cp siné ) gS ‘
Along with the untrimmed aerodynamic output, the level flight (§ = 0)
lift coefficient will be output. Trim data output will provide an addi-
tional line of output at'the equilibrium flight conditions (subroutine
FLICL).
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SECTION 5

SYSTEM RESOURCE REQUIREMENTS

Digital Datcom is a large and rather complex computer program which
reqqires specific computer resources to execute within a fixed core require-
ment. The program is written to conform to the American National Standards
Institute (ANSI) Standard Fortran Iv. Certain éomputet resources must be
available to make the program operational without modifications These
resources are: .

o Six disk fiies or scratch tapes are required for manipuiation

and retrieval of input data. The logicai 1/0 units used AreAB, 9,
10,. 11, 12 and 13. These logical units are in addition to logical
unit 5 (read).and unit 6 (write).

o The system must have capability for primary and secondary overlay
structures. ' '

o The system must haQe a Fortran compiler which provides for NAMELIST
input and output, and statement transfer when an end of file is
detected. ' '

Each logical unit referenced by the program is reserved for a specific

© purpose. " The units referenced and their use in the program are listed

below: ‘
Unit Program Usage
s Standard system input (card reader)
6 . Standard system output (ptintgr)
8 Storage of experimental data namelists for the case being
executed R o A _
9 "StorAge of input namelists,'éxcgpt'experimentgl data, for the
case being exgcuted ' ' ] ' '
10 - Storage of experimental data namelists for a single Mach
‘number ' ' . l
11 Storage df all input data after processing by the 1nphtrdiagnps-
' ‘tic analysis module (C@NERR) ' :
12 Storage of‘extrapolapion messages for processing by overlay 57
ﬂ13 Storage of output data for use with the Plot Module as a post-

.processing option
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SECTION €

PROGRAM CONVERSION MODIFICATIONS

6.1 GENERAL REMARKS .
 The program was written in Fortran IV for the CDC Cyber 175 computer

system. Several program modifications may be required t6 run under other
Fortran compilers or.computer systems. It is recommended that users imple-
menting the program for their computer system become familiar with their
installation operating system and Fortran compiler requirements. Users are
forewarned that program core reﬁuirements and run times discussed in this
report may no longer Se valid. o

6.2 PROGRAM STRUCTURE

The program is composed of a root segment overlay (overlay 0), fifty-

seven primary overlays and twenty-eight secondary overlays. Table 7 shows
the oyerall program structuré and lists those routines that are contained in
each overlay. In the CDC system,ithe first routine in an overlay is called a
“program” andlsubsequent routines "subroutines.f Several subroutines appear
in more than one overlay. These subroutines are called "common decks” and
are listed in Table 8.

6.2.1 Calls to Overlay

‘All primary overlays are called by the root segment overlay, and

secondary overlays called by their respective primary overlay using the
calling sequence" ‘ ‘
CALL OVERLAY (éLDATC XX, YY, 6HRECALL)
whe:e.- DATC is the disc file where the overlay is located
. XX is the primary overlay number in decimal, and
YY is the secondary overlay number in decimal.

Hence, each overlay is written to a disk file with ‘the name DATC."
Users should refer to the Fortran reference manual for their system and
deéermine the corréct‘overlay calling procedurés
6.2.2 Common Decks _

Several subroutines are used in more than one overlay. The most commonly
used routines are located in the root segment for access by 311 overlay

programs .and subroutines. Howaver, several decks are'used by only-a few
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routines and placing them in the root segment would require an increase in
overall program core size. In order to maintain a low core tequirément,
these common decks are located in each overlay in thch it is referenced.
Warning - Not all systems allow two routines to have the same name even
though they are identical. If the user's system does not allow this option,
three alternatives are available as follows:
o Rename each deck thaﬁ is common, and change the calling sequence to
it. '
natives are available as follows:
o Place all common decks in the root segment (overlay 0) and re-
move the deck from each associated overlay. The user will increase
the overall program core requirement by using this technique, how-
~ ever, it is easier than the procedure outlined above.
0 On some systems that have multiple region capability, these common
decks can be placed in a separate overlay region..
6.2.3 "OVERLAY" and "PROGRAM" Cards '

Each primary and secondary overlay main program con;éins these two
cards. The CDC Fortran compiler requifes all overlayé té begin with an
“OVERLAY" card followed by a main program which begins with a "PROGRAM" card.
These must be replaced by corresponding code.required by the operating system
and compiler being employed. - V '
6.2.4 End of File Tests

Routines iNPUT, CPNERR and XPERNM utilize a transfer on end of file.

This statement must be modified for the Fortran compiler being used.
6.2.5 Use of "'{JSED” and "KAND" . .
These cunstants are set in' BLOCK DATA. The value for "UNUSED" 1is

set in the program as 10-60. It is sometimes used as a program flag and is

used for initializing all variable arrays to some number other than zero.

The value for "UNUSEb" can‘be changed 1f desired and must be defined in BL@CK
DATA as a small positive number., The variable "KAND" defines the a1phabet1c
"character used by the NAMELIST {-puts. It is set to ‘s' for CDC systems.
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SECTION 7

PROGRAM DECK DESCRIPTION

This se¢tion contains a description of all routines in Digital Datcom.
Table ‘7 lists the decks by overlay, Table 8 lists those "common decks™ in the
program, and Table 9 describes the purpose of each deck and the overlays
refetenced.‘ For convenience, Table 9 lists the routines in alphabetical
order. Table 10 discusses the use of -each of the variables in the Digital
Datcoh,conttol»data d2locks. The description of the plot module routines is
provided in Volume III of this report.

A complete program listing, which includes Digital Datcom and the

Pxot Module, is provided as a microfiche supplement to this report..
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TABLE 8 PROGRAM COMMON DECKS

Deck Name Overlays R~ferenced

ALI 7, 10, 20, 28, 35

ANGLES 2, 13, 15, 16, 18

ARCC@S 12, 21, 41, 42, 50, 53

ARCSIN 21, 41, 42, 44

BADAWG 7, 10, 20, 28, 35

CALCALC : 31, 33

CALCAO 15, 16

CDRAG 3,5

CLMXBS .15, 16

CLMXBI 24 (Both Secondary Overlays)
- CMALPH 31, 33

DFLC¢N 41, 53

DMPARY ' 11, 39, 42,.46, 47, 49

EQSPCE 4, 6

EQSPC1 4, 6

FIG53A : 3,5

FIG68 21, 42

GETMAX 4, 6, 29

INFTGM 2, 21

LIFTCF 15 16

PRSCID - 12, 39, 42, 46, 47
* SETUP1 2, 18

SIMUL2 38,42, 47

SWRITE 12, 39

TABLEC 7, 20, 25

TABLES 7, 24 : '

TBSUB 7, 24

TBSUP 7, 26

TBTRN 7, 24

TEST i1, .34

TLINGX 17, 25, 26, 52

TLIP1X 43, 44, 45, 54

TLIP2X 43, 44, 45, 54

TLIP3X 43, 44, 45, 54

TRANF 24 (Bo;h Secondary Overlays)
TRAPZ ' 4, 6, 9, 19, 23, 26, 29, 37, 46, 47
WBCDL ' 7, 26 ' :

WBCMO : 7, 20, 25

WBCM1 25 (Both Secondary Ovetlays)
WTGE@M - 2, 18

WTLIFT 15, 16

YUP - 43, 44, 45, 54

ZERANG : 1, 2, 13, 18
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